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PRESSURE-FED BOOSTER TEST BED

INTRODUCTION

•Thie report describes the stress analysis/structural design of the Pressure-Fed
Booster Engine Test Bed using the existing F-1 Test Facility Test Stand at Huntsville, Ala. The

analysis has been coded and set up for solution on NASTRAN. A separate stress program was

established to take the NASTRAN output and perform stress checks on the members. Joint

checks and other necessary additional checks were performed by hand. The notes include a

brief description of other programs which assist in reproducing and reviewing the NASTRAN

results. These programs are included on the accompanying tape.

CRITERIA & LOADING CONDITIONS

The redesign of the test stand members and the stress analysis was performed per the

A.I.S.C Code. Loads on the stand consist of the loaded run tanks, wind loads, seismic loads,live

loads consisting of snow, ice and live, dead load of the steel, and loaded pressurant bottle.

In combining loads, wind loads and seismic loads were each combined with full live loads. Wind
and seismic loads were not combined.

No t/8 increase in allowables was taken for the environmental loads except at decks 147 and

214 where the increase was used when considering the stay rods, brackets and stay beams.

GENERAL C.,OlvlblENTS

Wind and Seismic loads were considered from each of the 4 coordinate directions (i.e.

N,S,E,W) to give 8 basic conditions. The analysis was run with the pressurant tank mounted at
level 125. 1" seismic condition was also run with the tank mounted at levels 169 and 214. No

failures were noted with mounting at level 169, but extensive deck failure with mounting at

level 214 (The Ioadsets used are included on the tape, but no detailed results are included in the
package).

Decking support beams at levels 147 and 214 are not included in the model. The stress

program thus does not reduce strut lengths to the length between support beams (the struts are

attached to the beams at intersection points) and gives stress ratios larger than 1 for some of
the struts. The affected members were therefore checked by hand.
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The following dataseLs and programs were developed and used in the analysis and may be

used to obtain imy desired output:

STAHD.DAT

Contains the model bulk input and loadset, produces standard HASTRAN output

data and writes geometry and selected results to unit 20, as requested by the
DMAP ALTER statement included in the executive control deck.

SECT.DAT

POST

Contains the section property input data required by STAND.DAT and the stress

program.

This FORTRAN program runs a stress analysis on the model elements.

Input - NASTRAH output on unit 20.
SECT.DAT

Output - Units 22,23,24

Unit 22 - Stress ratio list and partial data for all elements and load cases.
Unit 23 - Condensed list of stress ratios for all I-beams and all load cases.

Unit 24 - Condensed list of stress ratios for all back-to-back angle sections and
all load cases.

SELECT

This FORTRAN program selects the numerically maximum value in each column of

NASTRAN unit 20 output (i.e. internal loads) over the range of cases considered.

1) For each element.

Input - NASTRAN output on unit 20.

Output - OUTPUT.DAT

2) Optionally, for selected elements.

Input - (Filename)

Output * unit 8, unit 9 (unit 9 = tabular format for MACINTOSH applications.)

Contents of optional file:

a,b,c

where: a = first e]emem, b = final element, c = step

e.g. 213,215,1 gives elements 213,214,215,100,I05,110.

I00,I10,5

oF
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5 - 22 • AISC Specification

1.5.2.2 Allowable bearing stress on projected area of bolts in bearing-

type connections and on rivets:

Fp ffi 1.35F,

where F v is the yield stress of the connected part. (Bearing stress is not re-

stricted in friction-type connections assembled with A325, A449 or A490

bolts.)

1.5.3 Welds

Except as modified by the provisions of Sect. 1.7, welds shall be pro-
portioned to meet the stress requirements given in Table 1.5.3.

1.5.4 Cast Steel and Steel Forgings

Allowable stresses same as those provided in Sect. 1.5.1, where applicable.

1.5.5 Masonry Bearing

In the absence of Code regulations the following stresses apply:

On sandstone and limestone ........... F# = 0.40 ksi

On brick in cement mortar ........... Fp ffi0.25 ksi

On the fullarea of a concrete support ....... Fp ffi0.25f'c

On one-third of thisarea ............ Fp = 0.375f',

where [',isthe specifiedcompression strength of the concrete.

1.5.6 Wind and Seismic Stresses

Allowable stressesmay be increased one-third above the values provided

in Sect. 1.5.1 1.5.2,1.5.3,1.5.4 and 1.5.5 when produced by wind or seismic

loading, acting alone or in combination with the design dead and liveloads,

provided the required section computed on this basis is not less than that

required for the design dead and live load and impact (ifany), computed
without the one-third stress increase.

SECTION 1.6 COMBINED STRESSES

1.6.1 Axial Compression and Bending

Members subjected to both axial compression and bending stresses shall

be proportioned to satisfy the following requirements:

C.,h,
C, jb, __ _< 1.0 (1.6-1a)

f" + (F,1 --_,. f" ) Fbz (1 -- /')F,,

f. + hz h,
z.0 (z. zb)0.60F------_

h
When _ _ 0.15, Formula (1.6-2) may" be used in lieu of Formulas

(1.6-1a) and (1.6-1b)

r. + r.. + f,
7.. F., (1.6-2)

I

.°

i

In Formulas (1.6-1a), (1.6-:

combined with subscripts b, m z

wbJch a particular stress or desig_

F, ffi axial stress that would

F, ffi compressive bending ,

moment alone exist,

127r2E (In the e)
Ff#

23(Klb/rb)' length in
sponding

length fac

ofF,, F_

in accor&

fa ffi computed axial stress

f# = computed compressiw

sideration

C, = a coefficient whose vab

1. For compression me_

(sidesway), C, = 0.

2. For res{_rained coral:

joint translation and

their supports in the

C, = 0.6 - 0.4:

3.

where M_/M2 is the

the ends of that port
bending under con_
member is bent in re

in single curvature.

For compression me_

• lation in the plane o_

ing" between their sui

by rational analysis

following values may

are restrained, C, =

unrestrained, C_ ffi

1.6.2 Axial Tension and Bend

Members subject to both a)

proportioned at all points along t

Formula (1.6-1b) where f#isthe cc

the computed bending compress

the applicable value according to

1.6.3 Shear and Tension

Rivets and bolts subject to

proportioned that the tension str

forces applied to the connected p_

........ • ."_'-- P:'_GE IS
OF POOR QUALITY
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_cted area of bolts in bearing-

at. (Bearing stress is not re-
_d with A325, A449 or A490

Sect. 1.7, welds shall be pro-

a in Table 1.5.3.

n Sect. 1.5.1, where applicable.

llowing stresses apply:

...... Fp - 0.40 ksi

...... Fp = 0.25 ksi

....... F_ = 0.25f',

...... Fp = 0.375[',

f the concrete.

above the values provided

oduced by wind or seismic

.ledesign dead and live loads,

fis basis is not less than that

id impact (ifany), computed

don and bending stresses shall

_.ments:

(1.6-1a)

1.0 (1.6-1b)

be used in lieu of Formulas

1.0 (1.6-2)

In Formulas (1.6-1a), (1.6-1b), and (1.6-2) the subscripts x and y,

combined with subse_dpts b,. m and e, indicate the axis of bending about

which a particular stress or design property applies, and

F, -- axial stress that would be permitted if axial force alone existed

Fb .= compressive bending stress that would be permitted if bending

moment alone existed

12_r'E (In the expression for F',, Io is the actual unbraced
Ft

23(Kl,/rb), length in the platte of bending and r_ is the corre-
sponding radius of gyration. K is the effective

length factor in the plane of bending. As in the case

of F,, F, and 0.6 F,, F', may be increased one-third

in accordance with Sect. 1.5.6.)

[, _" computed axial stress

[_ = computed compressive bending stress at the point under con-

sideration

Cm = a coefficient whose value shall be taken as follows:

1. For compression members in frames subject to joint translation

(sidesway), C_ = 0.85.

2. For restrained compression members in frames braced against

joint translation and not subject to transverse loading between

their supports in the plane of bending,

Mz,
C,, = 0.6 - 0.4 _ but not less than 0.4, •

where MI/M_ is the ratio of the smaller to larger moments at

the ends of that portion of the member unbraced in the plane of

bending under consideration. M_/M,. is positive when the'

member is bent in reverse curvature and negative when it is bent

in single curvature.

3. For compression members in frames braced against joint trans-

lation in the plane of loading and subjected to transverse load-

ing between their supports, the value of C, may be determined

by rational analysis. However, in lieu of such analysis, the

following values may be used: (a) for members whose ends

are restrained, C= = 0.85; (b) for members whose ends are

unrestrained, C= -= 1.0.

1.6.2 Axial Tension and Bending

Members subject to both axial tension and bending stresses shall be

proportioned at all points along their length to satisfy the requirements of

Formula (l.6-1b) where [,isthe computed bending tensilestress. However,

the computed bending compressive stress, taken alone, shall not exceed

the applicable value according to Sect. 1.5.1.4.
L

1.6.3 Shear and Tension

Rivets and bolts subject to combined shear and tension shall be so

proportioned that the tension stress,in kips per square inch, produced by

forces applied to the connected parts, shall not exceed the following:

ORIO_INAIL _'._C-.EIS

OF PCCR QUALITY
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!

Yield Stress -- F, (ksi)

36.0

SECTION 1.5 ALLOWABLE STRESSES

1.5.1.1 Tension

42.0 I 45.0

Tension on the net section, except at pin

holes:

F, - 0.60F, < 0.50Frs

where Frs - minimum tensile strength

Tension on the net section at pin holes

in eyebars, pin-connected plates or

built-up members:

F, ffi 0.45Fv

22.0 25.2 27.0

16.2 19.0 20.3

1.5.1.2 Shear

Shear on the gross section (see Table 3

for reduced values for girder webs):

F, ffi 0.40F, 14.5 17.0 18.0

1.5.1.3 Compression

; 1.5.1.3.1

Compression on the gross section of
axially loaded compression members

when Kl/r is less than C,:

Formula (1.5-1)

(Kl/r) 2

F, - 5 3 (Kl/r) (Kl/r)*

3- + 8C, 8C,'

1.5.1.3.2

Compression on the gross section of

axially loaded compression members
when Kl/r exceeds C,:

Formula (1.5-2)

12r'E
F=

23 (Kl/r) _

1.5.1.3.3

Compression on the gross section of

axially loaded bracing and secondary
members when l/r exceeds 120:

Formula (1.5-3)

F°, ffi Fo [by Formula (1.5-1) or (1.5-2) ]
l

1.6----
200r

Table 1-36

Table 1-36

Table 1-36

Table 1-42

Table 1-42

Table 1-42

Table 1-45

Table 1-45

Table 1-45

* Value equal to 0.50 times minimum tensile strength (= 0.50Frs)

Yield Stre

50.0 55.0 I 60.0

30.0 33.0 36.0

22.5 24.8 27.0

20.0 22.0 24.0

Table 1-50

Table 1-50

Table 1-50

Table 1-55

Table 1-55

Table 1-55

Table 1-60

Table 1-60

Table 1-60



$. _ . AISC Specification

I Yield St_ss -- F, (kli)'
36.0 142.0 145.0

L5.1.3 Compression (oont'd)

1.5.1.3.4

Compression on the gross area of plate

girder stiffeners:

F. - 0.60F,

1.5.1.3.5

Compression on the web of rolled shapes
at the toe of fillet:

F, - 0.75F,

22.0

27.0

25.2

31.5

27.0

33.8

1.5.1.4 Bending

1.5.1.4.1

Tension and compression for compact,

adequately braced members symmetrical

about, and loaded in, the plane of their
minor axis:

Fb - 0.66F,

when

a. Flanges axe continuously connected
to web

b. by/2t I __ 52.2/4

c. b/tl _. 190/_/_r

d. Use Formula (1.5-4):

except that d/t need not be less than

257/_-_u

e. Z _< 76.0bt/_/_,

and

l < 20,000

- (d/A,)F,

24.0

8.7

31.7

68.7 -- 4.4f.

42.8

12.7bj

556

d/At

28.0

8.1

29.3

63.6 -- 3.5;'.

39.7

11.7b/

476 "

d/A !

29.7

7.8

28.3

61.4 -- 3.2/'.

38.3

ll.3bt

444

d/At

Yield Str_

50.0 [55.0 160.0

30.0

37.5

33.0

41.3

36.0

45.0

33.0

7.4

26.9

-2.7/.

36.3

10.7bs

4OO

d/Ay

36.3

7.0

25.6

55.6 - 2.4f.

34.7

lO.2b/

364

d/At

39.6

6.7

24.5

53.2 -- 2.1f,

33.2

9.8b/

333
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Yield Stress -- Fv (ksi)

36.0 42.0 45.0

1.5.1.4 Bending (eont'd)

1.5.1.4.2

Tension and compression for members

which meet the requirements of Sect.

1.5.1.4.1 except subparagraph b:

when

and

b/ < 95.0

1.5.1.4.3

Tension and compression for: doubly-

symmetrical I and H shape members
meeting the requirements of Sect.

1.5.1.4.1, except subparagraphs c, d and
e, and bent about their minor axis

(except members of A514 steel); solid
round and square bars; and solid rec-

tangular bars bent about their weaker
axis:

Fb = 0.75F V

1.5.1.4.4

Tension and compression for box-type
flexural members not included in Sect.

1.5.1.4.1, but which meet the require-
ments of Sect. 1.9:

F, = 0.60F r

when

I _ 2500b/Fv

8.7 8.1

15.8 14.7

23.7 27.3

23.4 27.0
23.1 26.6

22.8 26.2

22.5 25.8

22.1 25.5
22.0

27.0 31.5

"22.0 25.2

69.4b 59.5b

7.8

14.2

29.6

29.2

28.8

28.4

27.9

27.5

27.1

33.8

27.0

55.6b
t

Yield Stre

50.0 55.0 60.0

7.4 7.0 6.7

13.4 12.8 12.3

-- -- 39.4

32.7 35.7 38.8

32.2 35.2 38.1

31.7 34.6 37.5

31.2 34.0 36.8

30.7 33.5 36.2

30.2 -- --

37.5

30.0

50.0b

41.3 45.0

33.0 36.0

45.5b 41.7b
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Yield Stress -- Fv (ksi)

36.0 I 42.0 I 45.0

1._.1.4 Bending (cont'd) •

1.5.1.4.5

Tension for flexural members not covered
in Sect. 1.5.1.4.1, 1.5.1.4.2, 1.5.1.4.3 or
1.5.1.4.4:

F_ - 0.60Fv

1.5.1.4.6a

Compression for flexttral members in-
cluded under Sect. 1.5.1.4.5, having an
axis of symmetry in, and loaded in, the
plane of their web; compression for
channels bent about theirmajor axis:
The largervalue computed by Formula
(1.5-6a)or (1.5-6b)and Formula (1.5-7),
but not more than

when

F, - 0.60F,

l/rr < 4/102 X I0' X Cb *
-- _ Fy

When thislimitisexceeded,
use Formula (1.5-6a):

[2 F,(l/rr)' lFb = -- 1,530 X 10' X C_ Fv*

unless

_/510 X I0= X Cb*
l/rr >_

F,

in which case,nse Formula (1.5-6b):

170 X 10 IXC6*
F,-

(l/rr) '

When the compression flange is solid
and approximately rectangular in cross-
section and its area is not less than that
of the tension flange,
use Formula (1.5-7):

12 X10=X C_*
F,

IdlA I

22.0

22.0

53 rd-i

24.0- (I/rr)l

25.2

25.2

49v ,

(l/rr)'
28.o- 8-_-c;

27.0

27.0

4av ,

(I/r r) =

30.0-

lo5_

*For values of C, see Fig.AI, p. 5-I04.

Yield S_

50.0 55.0 60.0

30.0

30.0

45v .

33.3 (lift) '
612C,

lO1_

33.0

33.0

43v_,

36.7 (l/rr) '
506C6

36.0

36.0

41V ,

40.0 (I/rr)'
425C_

92.v/-_,

CD_-_[qaw'*_ .... PAGE IS
OF PCO:? Q3A_iTY
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l Yield Stress -- Fv (ksi)
36.0 42.0 45.0

1.5.1.4. Bending (cont'd)

1.5.1.4.6b

Compression for flexural members in-

cluded under Sect. 1.5.1.4.5, which do

not satisfy the requirements of Sect.

1.5.1.4.6a, and which if bent about their
major axis are braced so that

l < (76.0b//_/F-_)

F, - 0.60F,

11.3b/

27.0

1.5.1.5 Bearing (on contact area)

1.5.1.5.1

Bearing on milled surfaces, including

bearing stiffeners and pins in reamed,

drilled, or bored holes:

F, = 0.90F,

1.5.1.5.2

Bearing on expansion milers and rockers:

F,.(F'-I3) _5 o.66d

33.0 38.0 40.5

0.76d 0.96d I. 06d

1.5.2 Rivets, Bolts, and Threaded Parts

1.5.2.2

Bearing on projected area of bolts in

bearing-type connections and on rivets:

Fp - 1.35F, 48.6 56.7 60.8

SECTION 1.9 WIDTH-THICKNESS RATIOS

1.9.1 UnstiJTened Elements Under Compression

1.9.1.2

Maximum width-W-thickness ratios for

unstiffened elements of:

Single-angle struts; double-angle

struts with separators:

76.0/v_,
Double-angle struts in contact; angles

or plates projecting from girders, cob

umns or other compression members,

compression flanges of beams; stLffeners
on plate girders:

95.0/_K,

Stems of tees: 127/x/_,

12.7

15.8

21.2

11.7

14.7

19.6

11.3

14.2

18.9

Yield St

50.0 155.0 I 60.0

10.Tb/

30.0

10.2b/

33.0

9.8b/

36.0

45.0 49.5

1.22d 1.39d

54.0

1.55d

67.5 74.3 81.0

10.7

13.4

18.0

10.2

12.8

17.1

9.8

12.3

16.4
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Step 3-C_culate _ L

l_(e+a) [3.2 + 4t___](10.5)(1) Wt_ "-E" -

= 6,0oo (o. 90) (o. 9o* 0.7z)
3.38 0. 376

3.2 +4(o. 9o) (zo-S)=2. os0"_7-1 (0. 376) 2

(2) Because only the fitting b being con=de=d,

let K = 0

t£ 0.3"/6
(3) 'fi= 0.37-'---_= z

(4) From Fig. 30.2.2-I, A L = O. 021

• Step 4-Calculate A.

&=&L +A B= 0.021+ 0.0039=0.025

30.3 ECCENTRIC LOAD ON FASTENER GROUPS

r Py

t

I ' PX+'t"
RBf
=x-, +----x

. - ". ...''; .? -'.'. .. °

DATE

Mike lzbullr Iolu_:

:EDX Z'DY
7- --_--; g------_-

Fist.
No. X

1

2

Summation=

S.E o,

Y D DX DY DX 2 DY 2

_X ]_DY l;_)x 2 _V2

Compu_ moment -bout group ¢en13"oid(_', _)

J" ]E:i:)X2 + ]E:DY2- _ Z'DX. V ]EDY

The load transferred by the first fastener:

F i = D i + j

.o

Assume that aH fasteners arc bearing critical,and assume

constant thicknesses. The tabular procedure assumes elas-

ticity;additional capacity is available for bearing critical

fasteners only. Assume sheet yielding at the most critical

fastener.Dista'ibuteadditional external loading to the non-

critical fasteners.If either member is significantly stiffer
..- • .; , : .

m one direction than in the other, loads will increase in th_

stiffer direction. It is generally conservative to neglect the

other component, except as required for equilibrium.

Redifo'lbstion umcl_'cy

(adds other load= for ¢luilibrium)

n _ of various diameters D

X and PX: + to right

Y =nd Py: + up
M: + ¢ountmdocdcwim
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WORK PACKAGE
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A
FAST NO X

1.0
2.0
3.0

4.0
5.0
6.0
7.0
8.0
9.0

10.0=

11.(;
12.C
13.(
14.0
15.0

16.0

B C D E
Y DIA SUMD

0.0 0.0 1.01
3.0 0.0 1 .(;
6.0 0.0 1 .(; XBAR

9.0 0.0 1 .C

I

SA ,_5FC-MA F

4.0

16460.0i

PY/SD

12._

ECC BOLT GRP

F G
SUMDX SUMDY

18.0

YBAR J
0.0 45.0

PY M
51 .C 2620.0

PX/S D M / J
4115.(; 58.2

......... .......

DATE

,° .

H I
SUMDX2 SUMDY2 F

0.0 126.0 0.0 4122.5

4115.7
4116.2
4124.?
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0.0
0.0
0.0
0.0
0.0
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0.0
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0 2
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0 51
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2 15715

0 16457

0 52660
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81304

-65E
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32
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-26

-15

115268 2583
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-224 3713
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26306 -4797 o19427

2021
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144256

2580
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-1318

41098
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1
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1
1

2
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_ROVED DATE REV

5.E r 0F

DATE

A _rl-,B t'l _-L.c V"1_1 P'I t_.. .%_ _ .-,..
1 1050

2 1051

3 1052

4 1053

5 1054

6 1055.

7 10561

8 1057

9 1058

1 0 1059

1 1 106C

1 2 1061

• 3 1 062

4 1 063

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

1064

1065

1066

1067

1068

1069

1070

-49342

14914

-14182

-49564

-764918i

12184_

38499

-291962

-263:

-6625

-57088

-406!

-288372

2062600

2401210

-1462

583575

-87

-39379

94732

42578

10784

-6394

10807

-21249

29974!

-5247_

-5415E

-18104

158E

2705

-2847

-2584

-44239

54906

5616

-16980

42124

-3545

-6526

19981

51313

-56940

-16413

18065

91912

-465944

99026

696727

4291'

83551

68434

3878

110282C

-9269C

206488C

253580C

-427661

966

-13280

65978

91517

E

-6388

11315

-10728

-6989

-11562

3246

-52465

-30030

-137£

-258E

1295

1493

28813

-90599

1943C

35717

55247

-1 878

3490

10225

-21170

12521

-599

374

-159

-190

-5100

3787

-426

-64961

-3C

-83

-59C

-38

-9183

27427

174C

-17028

8122

-7

-219

279

-849

G

102

-92

110

-73

214

-562

-650

-259

131
30_

-191

-2C

-37C

194C

-68

-354

635

-36

-28

-96

472

H

1554

-8920

-13805

22338

1407

44300

-10849

-9634

-18067

-9152

-42287

-28450

31493

1169

40351

17910

-52549

17729!
1913;,

-23802

-22819

-'T-

1,_

-55

-E

-2,_

11"2

-71

-121

1345

11

13

-9

-11

-1152

614

81

-321

-107

-5

-21

-77

77

1071 91476 -1 7502 93817 -282 -344 -2602.3 95

1 072 83359 -1 2922 88911 17741 -61 9 -378 -1 7801 - 1 28

1 073 -47451 5956 83414 -997 92 -1 963! 6 ?-5020

-17257 17773

-742338758

2952 -8

0 247

-10779

22470

-13096

5494

-16180

24094

89965

-2498_

-25065

-30014

1138

2415

-1491

-685

31689

11628

55260

-4499

-3993

6522

-24391

18550

-5086;

12428

-18131

-4615C

9673

23648

-34532

1 074

1075

1076

1077

1102480

-400087

165

-13387

93841

22623

-38016

254

-962

-396

-861:

67(3

-1773_

27663

194_

-1679_

687C

-3C

-88

271

-38

9887

-8002

3993

765

-435

-23646

82223

46401

81743

1078

1079

1080

1081;

1082

1083 -114645C

1084 207064C

1085

1086

1087

-1141580

534007

1008

-43339

70532

82263

94708

232

664

-51

-32

99

-521.

363

-94

353

-339

-1815

121

327

-396

-1C

-26

10

7

-516

-235

575

589

-30

81931

71247

1080880

-1 04346

2072900i

250185C

-416245

4276

8518

-26169

4019

-485097

56429C

-49954l

93689

30503

1088

1089

1090

109"

1092

"4 1093

5 1094

,6 1095

4 7 1096

247001C

-144"

632774

40928

-47303

-1 776(

22774

-26818

-20706

-23020

19466

14576

41746

13767

44972

17853

9044

-22310

-11887

93

128

22

79

-2556

-6772

31650

-4141

1080890

-780014

103407

115506

-53019

-1107

-2173

1103

888

-46444

-18127

-51066

36743

-3520

-51078

2145

-84

-103

62!
126

111

-64£

-124

385

1279

-11

-13

-39101 4

-25776 11

32331

-264Z

-46183

-10256

11738

1158

-85

80

115

14
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CHOUD OPERATIONS

.,OVED

ROVED

oA'rE
WORK PACKAGE

DATE

DATE

i

SU BJ ECT

SHEET __- (_F

REV DATE

qLM MJ

SA-M

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

3O

31

32

33
34

35

36

37

38

39

40

41

42

43
44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

6O

61

62

63

64

1050

1051

105:

-49149

14871

-14354

10527

-6124

10602

51100

-568OO

17372

-6119

10662

-10685

-5971
3721

-1651

1053 -49093 -20891 17866 -7410 -186

1054 -760730 29500 91439 -11142 -507;
1055 -52133

-53255

-18522

14991

2532

1056

1057

122432 -464394

99290

691375

4297

6954

37473

-290411

-2635

31550

-52127

25889

-1237

2321-5884

1058

1059

37961

-4331
-64541

-3 ol
-7C

1060 -50021 26071 54529 -1227 -49

1061 -3109 -2474 2028 1337 -2

1062 -287039 -42352! 1093240 30643 -911
-93613485481 -931721063 2041750 2714C

9_

.87

11C

73
213

-554

-64

-264

1;

27

16

-18

-353

1896

154.. =

-8856

-1362;

22206

1433

42956

-11937

-956

-18237

-9116

-4107t

-27597

3083

11734

38151

12

-57

-5

-22

117
-71

-121

1348

11

1E

-36

-5

-1160

-411

1_64 2447880 13612 2106040' 23761 174_ 123 -344

1065 -1188 -1819_ 2510420: 33778 -1685! -34! 1750( 680
106( 580396 4122_ -414488 54276 7991 654 -52426

-463!-332;

0 35416

-3207

1131

-834E

-2862. =

25201

23094

5428_

-408;

1067

1068
1069

1070

1071

1072

1073

1074

1075

-3676

-12474

21868
18707

78615

86169;

-11352401

505191=

-459i

10094

-8576

11921
2578(

50276

-5604C
1ogo32¢

-10859_

210726(

254821C

-405743

1076

1077

145

13623

"26016

-15113

21800

86149

-58106

-1964

3269

4876

-10385

6324

32315

-25110

-29144

36770

2660_

4

-196

21_

-35

-67

-34

-26
-46

237

5E -173

-74C

-1224 424

1761C

-676

1093580

-381949

247
35288

18173

-43831

1190E

5687_

5019C

42C

653

4 -45

01 22E

-49181

1020(

-650_

2361C

-29364

14_

-556

-214

60..,

1227
-17886

27283

1847

-17097

-116458C

20429001

2512100i

-1315;

1078

1079I
108C

3083_

9610S

-3560;

2415 c.

-3047_

-28

46

-236

169

-405

671
-500

-1897

201

-260

41_

1081

108;

108;

1084

1085

1086

3247

-11586
8141

-22973

25894

1777

17766

-2135_

-2058;

-23526

-1829;

-1931E

40377

-47516

-18327
21356

-2461

-17864

-20787

1934:

1486_

40386

14117

42524

1766_

-31373

-46174

1346C

14736

-11(]

2

46

-17

209

-216

-894

548

-46C

137

-2

-4:

27

66

-180

1037

97_

47:

375

-653

910

1087 602737 -3107C 6836 861_ -1344

1088 °2637 -104C 443_ 1026 -32 -9 -22444 -11

1089 -6389 -214 750E -240E -8C ..... 26 .11636 -17

1090 38800 496 -30334 -t447 32_ 9 -3808( -4

1091 -5167 736 571! -44 -5_ 6 26144

1092

1093

1094

1091160
-784107

101972

118792

47333

-17747

"' :5133'E

29684

22871

487

-235

573

586

-3794C

-51347

219E

35894

-364-52153

9926

-8023

396C

803

-42g

-481366

563806

-49601

9244E

3021

1095

1096

1097 -206 -96 -769 157C 6C

1098 25951 111( -507501 -695 476

-7C 27¢;

31086

-2504

114_

1099

1500

31087

36692

1337

55E

-1599i

.9063=

3103_

-35

-3C

-400891

393111

-6813

37790

-49685

-753

-87380 -68E

-2C

14

-E

9

3 1E

156

48C38316

1501

1502

1503

1171

18881;

-8034

1504 -1182 3505; 1491 -2994 -1

-244

163:

856

-191

3378

. -3520

3454

-3258

2917

-52_

-46838

-10936

11396

1505

1506

1507

1508

8025

8026

8027

8028

-7027 137

-21¢.

5860i

-3955:

21253

976

-7234

6016

-14044

-132

2635_

2722;

425 ¢.

2 176E

-6¢

-1

1

71

27i

-450,

16

1188

-82
80

115

14
-4

-18

-22

4

-2

61

-3_

2

-1084

-3257 9

-2172

-20266

-9425

25779

85. =

84¢.

-20391

3371

206

-2552_

2059;

-6484

-267

0 -25:

0 68_

0 -61

O 26

-516 -74

-43430

21476

-400638029

-20469

-20288

-20723

-6468

-7
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_ICHOLIB OPERATIONS

DATE SO 'ECT
WORK PACKAGE

DATE

DATE REV

r(OVED

:'ROVED

S_'IEET - -__6F

DATE

A
FAST NO

B
X

1.0 0.
2.0
3.0

4.0
5.0
6.0
7.0
8.0
9.0

10.0

11.0
12.0
13.0
14.0

15.0
16.0

Y
0

3.0

0.0

3.0

C

0.0

0.0

3.0

3.0

D

DIA

1 .0;

1.0

1.0
1.0

E

SUMD
4.0

XBAR

1.5

PX
27600.0

PY/SD

11.3

F
SUMDX

6.0

YBAR
1.5

PY

45.0

G
SUMDY

6.0

18.0

M

4080.0

H
lSUMDX2

18.0
SUMDY2

18.0

J
F

7247.5
7248.5

0.0
6568.2

6569.4
0.0
0.0
0.0

PX/SD M/J 0.0

6900.0 226.7 0.0
0.0
0.0

0.0

0.0

0.0

A
FAST

1

2.0
3.0

4.0
5.0
6.0
7.0
8.0
9.0

0.0

13.0

14.0
15.0
16.0

E
X

B

0.0

3.0
6.0

0.0
3.0
6.0

C
Y

0.0
0.0
0.0
3.0
3.0
3.0

D
DIA

1.0
1.0
1.0
1.0
1.0
1.0

SUMD
6.0

XBAR
3.0

PX

41O7O.0

SUMDX

18.0

YBAR

1.5

PY
1450.0

G

SUMDY

M

9.0

49.5

2610.0

H
SUMDX2

90.0
SUMDY2

27.0

J
F

6924.6
6928.3
6935.6

6766.4
6770.2
6777.7

0.0
0.0

PY/S D PX/S D M / J 0.0

241.7: 6845.0 52.7 0.0
11.0 0.0
12.0 0.0

0.0
0.0

A_A-M_'mAr

0.0
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_IICHOUD OPERATIONS .................. J ...........

C " DATE "_ / _ SUBJECT

WORK PACKAGE

._OVED DATE

PROVED DATE REV

__--__ ..... SHEET - (3F .2"0_.)/

DATE

2

A B

5
6
7
8

FAST NO X

1.0 0.0
2.0 3.0

C
Y

0.0
0.0
3.0

D
DIA

1.0

1.0
4.0

F
SUMDX

6.0

G
SUMDY

6.0

4 3.0 0.0 1.0 XBAR YBAR J

4.0 3.0 3.0 1.0 1.5 1.5 18.0
5.0
6.0
7.0

PX

21360.0
9 8.0

1 0 9.0 PY/SD
10.0
11.0i

1
2

13

1
2
3

4
5
6
7
8
9

10

11
12

12.0
13.0

42.5

14.0

PY

14
15

170.0

PX/SD

5340.01

M

16

,1 7

14
15
16
17 1

_,SA-I_SFC-MAF

M/J

15.0

16.0

6500.0

361.1

H I

SUMDX2 SUMDY2
18.0 18.0i J I

5902.8

5910.6 I
4824.,_

4833.8
0.0
0.0
0.0

0.C
0.0

0.0
0.01
0.0
0.0
0.0
0.0

A B C
FAST NO X Y DIA

I .0 0.0 0.0
2.0

3.0
3.0
6.0
0.0
3.0

0.0
0.0

3.0
3.0

4.0
5.0

D

1.0
1.0
1.0

1.0
1.0

E
SUMD

6.0

F G H I J
SUMDX SUMDY SUMDX2 SUMDY2 F

18.0 9.0 90.0 27.0 5404.0

5084.2
)(BAR YBAR J 5492.7

3.0 1.5 49.5 3623.2
3126.4

PY M 3754.2
740.0 32320.0 0.0

.0
7.0
8.0
9.0

0.O

1.01

24620.0

PX

123.3

0.0
PX/SD M/J 0

4103.3 652.9

2.01

6.0 3.0 1.0

PY/SD .0
.0

.0
13 1 0.0

13.0 0.0
14.0 0
15.0

6.0

.0

.0

. t /
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 ,c.ouo OPERAT'O"ScDATE3 /
WORK PACKAGE

,rOVED DATE

:'ROVED DATE REV

........... SHEEl" - ..... 6 F _--_- _---

DATE

.

1
A

FAST NO
1.0
2.0

B
X

0.0

C
Y

0.0

D
DIA

1.0
SUMD

3.0 0.0 1.0

4 3.0 0.0 3.0 1.0 )<BAR
4.0 3.0 1.03.0
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1.0
8.0

E
SUMD

7.0!

F
SUMDX

27.0

G
SUMDY

9.0

H
ISUMDX2

171.0
SUMDY2

27.0

J
F

7249.1
7246.2

XBAR YBAR J 7247.1
3.9 1.3 82.3 7251.7

PX MPY

4504.026.050230.0

7084.£
7082.C
7082.9

0.0
10
11

2
,3
14
15
16

17

9.0
10.0
11.0

12.0
13.0
14.0
15.0
16.0

PY/SD

3.7
PX/SD •

7175.7
M/J

54.7
0.0
0.0
0.0
0.0

0.0

0.0
0.0



ICHOLIB OPF.jwRAT|ONS

_(OVED

ROVED

WORK PACKAGE

DATE

DATE REV

..........s.E-_-----_6F 7--_-5

DATE

.............................

A
FAST NO

1 .O

B

X
0.0
3.0

C
Y

0.0

D
DIA

1.0
2,0 0.0 1.01
3.0 6.0 0.0 1.0

1.09.0
12.0

0.0
3.0
6.0

4.0
5.0
6.0
7.0
8.0

9.0

0.0

0.0

3.0

3.0

3.0

3.0

10.0

:1 11.0

' 12.0
i 13.0

14.0
15.0
16.0

9.0

1.0
1.0
1.0

1.0
1.0

SUMD
9.0

XBAR
5.3

PX
292900.0

PY/SD
247.4

----

SUMDX
48.0

YBAR
1.3

PY
2227.0

G
SUMDY

12.0

160.0

M
20230i.0

H
SUMDX2

396.0

I J
SUMDY2 F

36.0 34841.2
34336.8
34247.6
34576.9

35312.8
31122.6
30556.9
3O456.7

PX/SD M/J 30826.4
32544.4 1264.4 0.0

0.0

0.0

0.C

0.C

0.C

I JA

FAST NO
1.0

B

X
0.0

C
Y

0.0

D

DIA
1.0

E

SUMD
12.0

SUMDX
90.0

2.0 3.0 0.0 1.0
3.0 6.0 0.0 1.0 _AR _AR

9.0 0.0 7.5 1.54.0
5.0 0.0

1.0
1.012.0

6.0 15.0 0.O 1.0 PX
7.0 0.0 3.0 1.0 292900.0

8.0 3.0 1.03.0
3.0

3.0
6.0
9.0

12.0

9.0 1.0
1.0
1.0
1.0

10.0
11.0
12.0
13.0
14.0
15.0

16.0

15.0

PY/SD

185.6

3.0
3.0

PY
2227.0

PX/SD
24408.3

G

SUMDY
18.0

J
342.0

M

202301.0

M/J
591.5

H
SUMDX2

990.0
ISUMDY2

54.0

F
25650.3
25416.5
25305.3

25318.4
25455.4
25714.4
23902.1 !
23651.0
23531.5

23545.5
23692.8
28853.3

0.0
0.o
0.0

l

I
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CHOUD OPERATjONS,r_ _ DATE....... _/'_'_

WORK PACKAGE

•,OVED DATE

ROVED DATE

SUBJ ECT
........SHEET - O'F Z'_-(o

REV DATE

A
FAST NO

1.0
2.0
3.0!
4.0
5.01

6.0;

7.01
8.01
9.0!

B
X

0.0
3.0
6.0
9.0

12.0
0.0

3.0
6.0
9.0

C

iY
0.0
0.0

0.0
0.0
0.0
3.0
3.0

3.0
3.0

D
DIA

1.0
1.0
1.0

1,0
1,0
1.0
1.0
1.0
1.0

E
SUMD

9.0

)<BAR
5.3

PX

50150.0

PWSD

F

SUMDX
48.0

YBAR
1.3

PY
174.0

PX/SD

G

SUMDY
12.0

160.0

M
19140.0

M/J

H
SUMDX2

396.0

I J
SUMDY2 F

36.0 5765.0
5737.6
5732.6

5750.0
5789.6
5408.3

5379.1
5373.8
5392.3

10.0
11.0
12.0
13.0
14.0
15.0

16.0

19.3 5572.2 119.6 0.0
0.0
0.0
0.0
0.0
0.0
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CHOUD OPERATIONS

.,OVED

ROVED DATE

DATE "_/_(_ SUBJECT

WORK PACKAGE

DATE

S.EET - 0% 7__%-_

REV

I
'vvrPr-u,u_-,/ca-,-r'F-[_

DATE

,>

d

A B C

1

2 ELEMENT MA1 MA2

3 301 0 5146

4 306 0 -11082

5 501 0 2103

6 616 0 -2786

7 619 0 -6205

8 821 0 -79225

9 822 10125¢ -21301

1 0 623 0 3709C

1 1 625 _0 6486

1 2 701 0 2841

1 3 815 0 -2255

1 4 901 0 1747

1 5 906 -2!" 17352

1 6 912 0 2339

1 7 915 0 -3616

1 8 921 0 2211

1 9 926 0 3851

2 0 1011 0 282

21 1014 0 2141

22 1022 0 1135

D E

VI_RTICALS

MB1 MB2

0 -9704

0= 8005

0! -2471

O; 3529

0_ 8500

O! 32055

-202301 -20167

0 i -85119

01 -61480 -4675

O= 601

O! -4504

0 i 19144

01 -4348

Ol 1758
-2419-3450

-1 260-2623

01 -604

F G

$1 S2

O i 6 _

0 -83

0 1_

0 -1_

0; -6

oi .63
22271 -296

oI 87.=
01 6(;

ool32-12

01 26

0 -174

0 26

0 -23

0 2

0 34

0 7

0 2C

01 8

H II J

IP T :ELTYPE

.38287 3 55
-42166 .; 55

-15603 -_ 59

-32986 -" 55

84744 6g

_-248157 -13 _

292907 -_ S_

-238844 10_ _O
89183 59

-27897 -a 57
25443 3 57

-50233 6 54

-50152 -117 51

• 2450g -3 55

-26166 2 55

-28443 2 58

-28196 4 57

21212 2 59

24234 -2 58
2603¢ 0 59

K L M

NO. CF B3LTS SIZE PLATE T

6 0.75 0,375

6 0.75 0.375

5 0.75 0.375

6 0.75 0.375

5 0.75 0,375

_, I,'_ 'b.S

5 0.75 0.375

5 0.75 0.375

5 0.75 0.375

9 1.00 0.5

8 0.75 0.375

6 0.75 0.375

5 0.75 0.375

5 0.75 0,375

5 0.75 0.375

5 0.75 0.375

5 0.75 0.375

RM MAF/MMA 35--016--O4/74

SA-MSFC-MAF
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ICHOLIB OPERATIONS

..IC 

.JVED

ROVED

i

WORK PACKAGE

DATE

DATE

J

,U ECT I--TS,
SHEET m z S--?_

REV DATE

b

5

6

7

8

9

10

11

12

13

14

15

16

17

18

lg

20

21

22

23

24

25

26

27

28

29

3O

31

32

33

34

35

36

37

38

39

4O

41

42

43

44

45

46

47

A

ELEMENTS

154

155

157

158

170

171

176

177

266

B

MA1

-14393

26615

100400

211603

100299

212839

-16168

26306

-131963

MA2

C

3658

4690

540_

1071£

-590=

-1172E

-3846

-479J:

-1164,_

267 461017 -1139

2681 47830 -1715£

2691 69846 9373

-130945

271 379478 -1890!

281 -367021;

291

292 454913J

-3813C

-11457

11576

D

MB1

23742

-19574

-67687

-187295

-67073

-188297

25587

-19429

-37632

-210259

-72845

35479

-36592

373794

-40717

-209109

MB2

E

1713

5337

5258

-5762

-1780

-5496

4617

-11649

-27679

-17160

-38130

-19003:

-7094:

-1146¢

293 680421 1850C -101867 31475

294 5958£ -11022 56239 18501

18338

-14329

19515

-13822!

-10596 -14577

-18659

14425

17861

23697

-11445

23029

-16855

-1 699;

17062

16646

$1

-296i

27C

1697

402 c.

169C

405_

-32,_

26;

-1626

16373

2943

62;

752£

-7482

-1583

16196

4144

146

-193

254

354

355

357

358

454

455

465

475

495

49(

554

555

-206

246

G

$2

24

14

55

55

-6O

-6O

-26

-15

-280

-536

753

450

407

406

314

562

-810

-500

23

21

-271

H

41041

-46470

661

109738

679

109701

41079

47053

-55858

-110176

- 122278

-140993

-36801

-34265

-55667

-109910

-122470

-140218

47947

-40693

47408

42242

-15331 -51043 -2649£ -44758 113 37620

-413679227C

107106C -32734

-132106C -46916

-12636 51132

-42815

-11906

-5102(;

-46915

31966

4688;

51117

-8832

-43285

-132295C

104061C

-27825

-4130C

14295

-12167 -9289

-182554 0

-244381 -5336

-5114

9055

8400

14575

2901

-5369

-12710

-5371

-12491

12494

-2745

25905

-27919

-30268

54448

-35936

-60461

-27707

25890

30607

89736

-12154

13622

556 210542

577 282223

568 212845

578

572

573

863

20591

-20476

120

831

-185

164

4736

4619

4795

4711

-194

151

-1182

19671

4905

2485

426O

-4258

-1290

19977

5083

2493

666

287295

-12929

12323

-141488

599466

74845

204654

262458

-222394

-185172

-249806

14863

-11312

-72892

-325635

-155687

43089

-223218

262989

-70315

-330670

-161473

-25

66E

-586

-696

-692

-683

-598

85

74

-65

-65

-65

-65

-8C

-66

-589

-1146

1821

1264

807

807

63C

1142

-1821

-133444888

25964

-68287

-30267

-60461

-36472

-18139

-27763

69644

30607

-144606

608379

77410

207982

667

668

669

671

681

69;

693

694

695 -58740

-48755

152256

151426

-39557

-48200

41276

-383281

1725
177139

1666

17905C

4179C

-37513

-81198

-197381

-217238

-276796

-354181

-3425C

-81126

-19921C

-219014

-279902

I

T

-12

-12

15

11

-11

-5

14

11

-63

-65

-154

-156

57

-63

64

65

152

154

26

56

-26

-55

121

-122

-219

231

-9

26

-6O

-49

-186

-222

227

267

57

48

-712

-714

-1502

-1 506

27

-24

672

672

1516

1520
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